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On the basis of measured generalized oscillator strenghts, electron differential
and integral cross-sections have been calculated in the range 100 to 1290 eV for the
two transitions ► A^H and in CO] for CO2, ls(2(rg) —*■ 27r„;
for excitation of F2 and for the electronic states of SO2, using the recent
universal formula ofMsezane and Sakmar. The unmeasured differential cross-sections
(DOS’s) in the angular range 0® < ^ < 2" are found to contribute significantly to the
integral cross-sections (ICS’s) ranging from 28% to 69%. These results underscore
the importance of accurate determination of the DOS’s at small scattering angles and
the need for a good theoretical guide.
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1. INTRODUCTION
Electron scattering experiments are a major tool in elucidating the energy¬
absorbing properties of atoms and molecules. The scattering process gives us in¬
formation about the projectile, the target, and the forces between them. The cross
section is a most important product from those processes.
Whereas a lot of ground has been covered in electron-atom systems, the
same cannot be said of molecules which are usually randomly oriented, so that their
measurements can only yield a cross-section averaged over molectdeir orientations.
Complications are also apt to arise because of the electronic-vibrational-rotational
excitations characteristic of molecular processes. Furthermore, the electron-molcule
scattering problem generally presents a complicated projectile-target interaction po¬
tential (static, non-local exchange, polarization, correlation, multi-channel, etc.)
simply referred to as dynamic effects in this study. Thus considerable difficulties are
encountered in performing vital experimental measurements particularly at smadl
angles, producing data that are only moderately accurate. However, advances in
experimental techmques and in the understanding of the nature of molecular or¬
bitals have greatly improved the situtation: Inaba et. al. [8] have recently carried
out measurements in Fluorine, F2 down to 0.9°.
Nevertheless, the smeiU angle regime 0° < 0 < 2°, in the most part remains
experimentally inaccessible prompting researchers to resort to various extrapolation
techniques in order to estimate the contribution from this angular range. The central
thrust of this thesis is the extensive use of the Universal Formula of Msezzme and
Sakmar [14], in a variety of molecules and a wide range (100 to 1290 eV) of electron
1
impact energies, as the theoretical guide for extrapolation in forward scattering.
Only dipole allowed inelastic transitions are treated.
The molecules under investigation in this study include CO (Carbon Monox¬
ide), CO2 (Carbon Dioxide), SO2 (Sulfur Dioxide) and F2 (Fluorine), all of which
are of considerable environmental and astronomical interest. CO is the most impor-
tajit interstellar molecule after hydrogen, it is important in the modelling of various
plasmas; CO, CO2 and SO2 are important atmospheric pollutants, being largely
responsible for the phenomenon of acid rain in their acidic forms. They are released
into the atmosphere by combustion of fossil fuels and also naturally by volcanic
activitiy.
Like CI2, F2 is also a very reactive non-metal forming rare earth complex
fluorides which are the most prospective materials in laser and optical technology.




A typical configuration of a scattering experiment is shown below in Fig.l
Figure 1; Scattering Configuration
In such a set up, the adjustable parameters are the incident energy [E),
the analysis energy (f^a) and the angle of analysis {$). The analysis energy is the
energy of electrons leaving the collision region to reach the electron detector. If
Ea > then the analyzed electron is a scattered primary electron (as opposed to
an ejected secondary electron) with an energy denoted by E'. The energy loss (w)
of the incident electron is then w = E — E'. The energy loss is equivalent to the
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The Differential Cross-Section (DCS) is defined as
da Number of particles scattered into —
—dfl = : — ^
dfl Number of incidentJsec/area in the scattering plane (2.1)
It represents the time independent probability for the occurence of a particular
process.
The Integral Cross-Section (ICS), denoted by a, is the obstructional area of
the scattering independent of the angle of scattering. ICS is simply an integral of
the DCS over the entire solid angle fi:
a = da (2.2)
2.1. The Univers2d Extrapolation Formula
The theoretical framework for imderstanding fast electron collisions was first
developed by Bethe [2] and has been reviewed by Inokuti [9].
The cross-section for an inelastic collision constists of two factors: one pzurt
concerns the kinematics of the scattered particle, and the other describes the energy
excitation properties of the target. In a collision event with excitation to, the First
Bom Approximation gives the DCS as
^ = (2.3)
where the interaction potential is taken to be coulombic and K is the momentum
tr3msfer, K = ko — kn, ko and kn being the initial and scattered momenta, respec-
tively. The quantity, le(iir)l is the transition matrix element between initial and
final wave functions ■0o and V’n of the tcirget, respectively, given by
z
^
€{k) =< 'fnl^ exp{ik.rj)\^o > (2.4)
j=i
4
where Z is the total number of electrons in the target system, and Tj is the position
vector of the jth electron of the target.
Equation (2.3) divides into two parts: the factor that describes the kinematics
of the scattering electron and the factor |€(.^)p, which describes the dynamics of
the target system. This factor is a property of the target and it determines the
internal state of excitation of the molecule restdting from a specific momentum and
energy transfer from the incident electron.
The Generalized Oscillator Strength (GOS), also introduced by Bethe [2] and
studied by Inokuti [9] is given in terms of the differential cross section by:
f(K) = (2.5)
where in atomic units
= 2E 2-w/E — wfE) COS& (2.6)





where = 1 — wfE, y = cos6 and f° is the Optical Oscillator Strength (OOS).
The use of Eq. (2.6) in Eq. (2.7) leads to
2
(2.7)
C(jr) = -r (2.8){l + P/2w)
Eq. (2.8) contains only kinematic effects, but dynamic effects [non-local ex¬
change, polarization, correlation, coupling, multi-channel, etc.] may be incorporated
through an energy dependent factor nx[E), so that Eq. (2.8) is generalized to
2
f^niK) = -r 1-
(l + £)nx(i;)J (2.9)
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nx(F) can be determined emperically from accurate experimental or theoretical
data as will be seen later.
The importance of the GOS formulation of Bethe [2] arises from the direct
relationship it bears to the optical (dipole) oscillator strength, as shown by the
L2issettre Limit Theorem [10]:
= r (2.10)
This limit, though imphysical,except for infinite E, can be approached under the
conditions of large E, small w, and small 6.
2.2. Differential Cross Section Calculations
All the pcirameters on the right hand side of Eq. (2.6) can be determined by
experiment. The values thus obtained can be used in Eq. (2.5) to determine
corresponding GOS.
For transitions involving vibrational and rotational excitations, where the
vibrational states are sufficiently resolved to the base line, the DOS’s for each ro-
tationally averaged vibrational state may be obtained for small from Chen and
Msezane [5]
(—V -2 fl ^V" E K’^Wi (1 + (2.11)
where ff is the OOS for the ith vibrational state. The total DCS for such a transition




E -2 [ 2V E K^Wi [ (1 + g)-(^)J (2.12)
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2.3. Integral Cross Section Calculations
Chen and Msezane [5] have also shown that for the angular range 0 < 6 < 9,
{Oj being small) the Integral Cross Section (ICS) is given by
/ = n/
wE
° 2E — w — 2EJ\ — vjfE cosBf 1 — Jx — wfE cosB,
In , 2ln-
2E - w — 2E^\ — wlE 1 — — wjE
(2.13)
For complete details see appendix A.
The ICS for angles ^ are calculated by fitting the DCS’s with the cubic
spline function [17]. For nx{E) different from 1, Eq. (2.13) is no longer valid,
the ICS for the entire angular range 0 < 9 < 6^ and 9, < 9 < 9m. {9m being the
maximum angle for which measurements were made) is then calculated by use of
the cubic spline fit.
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3. RESULTS AND DISCUSSION
Generalized oscillator strengths from the measurements of Lassettre et. al.
[11], and A. Skerbele et. al. [21] at 300, 400, and 500 eV for the two transitions
^ A^n [11] and (7^S'*" [21] in carbon monoxide have been used as
basic data in this work.
3.1. CO: TheX^ Transition
This transition provides a good test for both theory and experiment because
it is fairly broad and thus, a number of characteristics are available for testing the
reliability of various methodologies: up to 13 of its vibrational levels have been
satisfactorily resolved to the base line [11].
The GOS’s for the third vibrational state (v* = 2) from the experimental
data of Lassettre et. al. were first converted to the DOS’s, then the Franck-Condon
factors were used to obtain the other vibrational states. Using Eq. (2.12) the
summation of the DCS over all the vibrational states was calcxilated for each angle
in the range 2° <B <1°. The results are Hsted in Table 1.
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Table 1: DOS’s (in units of 10 ^^crn^/sr) for v' = 2 level and DOS’s sums over v'
for state in CO at 300-, 400- and 500- eV.
Angle (Degrees) E == 300 eV E = 400 eV E = 500 eV
DOS’s DOS’s Sum DOS’s DOS’s Sum DOS DOS Sum
over v" tover V over v'
2.000 2.4171 10.26000 1.89700 8.07127 1.5510 6.59912
2.500 1.5640 6.65440 1.20300 5.11847 0.9526 4.05308
3.000 1.0990 4.67598 0.81780 3.47954 0.6374 2.71198
3.500 0.7830 3.33150 0.58320 2.48137 0.4559 1.93974
4.000 0.5906 2.51286 0.42240 1.79721 0.3307 1.40705
4.500 0.4460 1.8976 0.32350 1.37641 0.2463 1.04795
5.000 0.3467 1.47512 0.24780 1.05433 0.1845 0.78500
5.500 0.2791 1.18750 0.19410 0.82585 0.1384 0.58886





Figure 2: GOS versus for v' = 2 level of A^II state m CO
Fig. 2 shows the Lassettre and Skerberle GOS’s versus for the v' = 2 level
at 300, 400 and 500 eV, contrasted with the GOS’s from the Universal Formula:
nx{E) = 0.48 and , nx{E) = 1. The plots show a qualitative agreement
in shapes and trends. The divergence observed at large values between the
nx{E) = 1 and the measurements is indicative of the importance of dynamic effects,
which is incorporated by emperically determining a value for nx{E) in Eq. (2.9):
selecting data corresponding to 6 = 3°, a value of nx{E) = 0.48 is obtained.
Thus f^{K) = -/°[1 — ] describes the curve, - in Fig. 2 and
can be used to extrapolate the experimental data of Lassetre et. al. beyond 2° to
0° scattering angle. The sums of the DOS’s for the range 0 < ^ < 2°, calculated at
300 and 500 eV by using Eq. (2.11) are given in Table 2. The sums of the DOS’s
for the range 0 <6 <2°, calculated at 300, 400 and 500 eU, by using the Universal
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Formula are given in Table 2.
The ICS’s values are presented in three angular regions: 0° < 0 < 2°, 2® <
e < (6° at 300 and 400 eF or 7® at 500 eV) and 6 > 6° (or 7®). The ICS’s
were calciilated using the cubic spline lit. The contribution to ICS’s from 6 > 6°
which is small was obtained by a straight line extrapolation of the DCS’s from the
measTirement and use of the cubic spline. The behaviour of the DCS’s at 300, 400
and 500 eV" is shown in Fig. 3 including their extrapolation from 2® to 0®. It is
evident that as E increases, the major contribution to the ICS’s will come from
small scattering angles, hence the need for their accuracy. The resulting ICS’s from
the entire angular range are given in Table 3. The contribution from 0 < 0 < 2°
constitute 40%, 51% and 56% at 300, 400 and 500 eV respectively. The ICS at 300
eV is 2.21 X 10“^^cm^ which compares very well with the value of 2.13 x 10“^^c7n^
obtained by Mumma et. al. [14]. At 500 eV Sawada et. al. [18] obtained a value of
1.45 X 10“^^^cm^ which agrees very well with the calculated value of 1.5 x lO”^’^cm^.
Sunggi Chung et. al. [6] using Ochkur’s exchange computed a value of 2.38 x
lO'^^cm^ at 400 eV, which compares poorly with the value of 1.76 x lO'^^cm^ in
this calculation.
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Table 2: DOS’s (in units of 10 ^^cm^fsr) of ^^11 state in CO for 0° < 0 < 2°
calculated using tbe Universal Formula, at 300-, 400- and 500- eV.
Angle (Degrees) E = 300 eV E = 400 eV E = 500 eV
0.000 76.38 102.80 129.1
0.100 75.25 100.10 123.9
0.200 72.06 92.80 110.5
0.300 67.29 82.76 93.67
0.400 61.58 71.87 77.16
0.500 55.52 61.46 62.89
0.600 49.55 52.20 51.26
0.700 43.96 44.29 42.05
0.800 38.88 37.86 34.79
0.900 34.37 32.21 29.08
1.000 30.14 27.70 24.55
1.100 26.96 23.97 20.99
1.200 23.98 20.87 17.99
1.300 21.39 18.29 15.59
1.400 19.15 16.12 13.62
1.500 17.20 14.28 11.98
1.600 15.50 12.72 10.60
1.700 14.02 11.39 9.427
1.800 12.73 10.24 8.430
1.900 11.58 9.243 7.574
2.000 10.26 8.071 6.599
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Figure 3: DCS vs. angle (0) in degrees of A^ll state in CO
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Table 3: Calciilated ICS’s (in units of of state in CO at 300-, 400-
and 500- eV compared with other experimental and theoretical ICS’s.
E(eV) Experiment Theory
This Calculation Other Results
0° < 0 < 2° 2° < 0 < 5m 0“ < 5 < 5^ 0° < 5 < 180°
300 3.05“ 0.939 1.275 2.21 3.05^
2.13° 1.85'^
400 2.38“ 0.892 0.865 1.76 1.58*^
2.38**






Bfn is 40° at 300 eV and 25° at 400 and 500 eV
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3.2. COi The Transition
The v' = 0 level of the state overwhelmingly dommates the higher
vibrational states {v' = 1,2,...) such that calculations for this transition have been
carried out as though it were a single electronic trzmsition.
The transition is one of those transitions in which the term
symbols axe the seime in the ground and excited states. According to the theory [21]
the Bom Approximation should not hold for such a transition.
The GOS data of Lassettre et. al. [21] at 300, 400 and 500 eV are plotted
against in Fig. 4, contrasted with the GOS from the Umversal Formula:—,
nx{E) = 3.35 at 300 eV; — • —,nx(E) = 2.85 at 400 eV; , nx{E) = 2.45 at 500
eV and , nx{E) = 1. The values of nx(E) were obtained for each impact
energy by using data corresponding to 0 = 3°.
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Table 4: DOS’s (in units of 10 ^^cm^fsr) for tbe transition in CO
Angle (Degrees) E = 300 eV E = 400 eV E = 500 eV
2.0 4.130 3.652 3.20
2.5 2.468 2.134 1.775
3.0 1.696 1.265 1.0150
3.5 1.122 0.8113 0.6478
4.0 0.752 0.5333 0.4086
4.5 0.538 0.3596 0.2583
5.0 0.371 0.2305 0.1562
5.5 0.268 0.1567 0.1027
6.0 0.180 0.1012 0.0652
6.5 0.115 0.0694 0.0439
7.0 0.078 0.0480 0.0321
7.5 0.057 0.0325
8.0 0.043 0.0240
The experimental GOS’s were converted to DOS’s and are shown in Table
4. The different values of nx{E) were used in Eq. (2.11) to calculate the DOS’s
from the angular range 0 < ^ < 2“, the results are listed in Table 5, while Fig.
5 depicts the angular behavior of the DOS’s at 300, 400 and 500 eF, which again
indicates that for higher values of E a major contribution to lOS’s comes from small
scattering angles.
Fig. 4 indicates that d3mcimic effects are unimportant for < 0.01 a.u. at
all energies. Down to the angle 9 = 2° dynamic effects are very strong as measured
by the difference between any one of the curves and the nx{E) = 1 curve. Since
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the computation required a different value oinx[E) for each E, it can be concluded
that the Bom Approximation does not hold at these energies in accordance with
reference [21].
Figure 5: DCS versus angle (0) in degrees of state in CO
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Table 5: Calculated DOS’s (in units of 10“^®cTO^/sr) of state in CO for
0° < ^ < 2°, at 300-, 400- and 500 eV.
Angle (Degrees) E = 300 eV E = 400 eV E = 500 eV
0.000 24.17 33.34 42.48
0.100 23.97 32.85 41.50
0.200 23.36 31.43 38.81
0.300 22.42 29.32 35.07
0.400 21.21 26.78 30.76
0.500 19.83 24.07 26.57
0.600 18.35 21.39 22.74
0.700 16.84 18.88 19.38
0.800 15.36 16.59 16.52
0.900 13.96 14.55 14.10
1.000 12.63 12.76 12.09
1.100 11.41 11.20 10.40
1.200 10.30 9.844 8.983
1.300 9.288 8.671 7.794
1.400 8.375 7.654 6.791
1.500 7.553 6.772 5.939
1.600 6.814 6.004 5.212
1.700 6.151 5.335 4.589
1.800 5.556 4.749 4.051
1.900 5.022 4.236 3.586
2.000 4.130 3.652 3.200
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Table 6: Calculated ICS’s (ia units of 10 of C'^S'*' state in CO at 300-, 400-
and 500- eV, compared witli other experimental and theoretical ICS’s.
E{eV) Experiment Theory
This Calculation Other Results
0° < ^ < 2° 2° <6 <$m 0° < ^ 0“ < e < 180°
300 0.755“ 0.379 0.295 0.674 0.825^
0.90°
400 0.386 0.220 0.606 0.686^
0.75°





6m is 7° at 300 eV and 8° at 400 and 500 eV.
Table 6 shows the ICS’s calculated by means of the cublic spline function
at all three impact energies and divided into two angular regions: 0 < 0 < 2° and
2° < 6 < 7° for 500 eV (or 8° for 300 and 400 eV). The table also shows other
results for comparison. The contributions from Q° < 6 <2° are 56%, 63% and 69%
at 300, 400 and 500 eV respectively.
3.3. C02^ ls[2ag) —^ 2n„ Transition
The role of £702 iu this thesis is not so much to calculate its ICS in the small
angular region as to further demonstrate another use of the Universal Function.
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Boechat Roberty et. al. [3] have measured the GOS for the l5(2<7j) —» 2II,x transition
ia. CO2 using a crossed beam, spectrometer at 1290 eV in the angular range 2° <
6 < 14°. They also obtained results in First Bom Approximation using Ab-Initio
Hartree-Fock molecular wave functions and allowing for relaxation of all molecular
orbitals. Eq. (2.8) has been used with u = 290.7 eV [19] and the experimental
value of 0.160 for /° [13] to obtain the Universal Function curve to compare with
the Boechat Roberty et. al. data.
Fig. 6 compares the measurement, • and o (renormalized to the universal
function at 5°, the Bom Approximation [3], and the Universal Function,
. The overall good agreement implies the unimportance of dynamic effects at
small scattering angles. However, when < 2 a.u., the agreement between the
universal curve and the data is not so good. The reqxiirement that the GOS must
converge to the OOS as 0 and the fact that many measurements experience
difficulties obtaining reliable DOS’s at small scattering angles, is a compelling case
to believe the universal curve, hence the renormalized data. Interestingly, one sees
for the first time ever the applicability of the universal function procedure even at
large values, viz. up to = 8 a.u. in CO2. The real determinant of the
applicability of the Universal Function is I2u} rather than itself [16]. For this
transition w is very large, about 11 a.u. The ICS at E = 1290 eV is computed to




Figure 6: GOS versus of \s{2<Tg) —> 2IIa transition mC02^X 1290 eV
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3.4. F2 : Excitation State
Inaba et. al. [8] made measurements of DOS’s for the = 0,1)
excitation in Fj at 100, 400 and 500 eV and over the scattering angles between
0.9° < ^ < 16°. Fig. 7 shows the plot of the experimental GOS versus compared
with the Universal Formula, . The data at 400 eV (x) and 500 eV (o) lie close
together and close to the universal curve, clearly indicating that dynamic effects are
unimportant and also, that the Bom Approximation holds. On the other hand, the
data at 100 eV deviates from the universal curve for > 0.01, an indication that
dynaumic effects are playing an important role.
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Table 7: DOS’s (10“^®/5r) of state in F2 at 400-, and 500-eF.
Angle (Degrees) 400 eV Angle (Degrees) 500 eV
1.6 9.5957 1.04 14.636
2.2 4.8552 1.7 7.284
2.7 3.3945 2.3 3.904
3.1 2.4324 2.8 2.621
3.8 1.6040 3.3 1.715
4.3 1.1530 3.8 1.175
5.3 0.6775 4.3 0.8997
6.4 0.3554 4.8 0.6436
7.4 0.1864 5.4 0.4658
8.4 0.1197 6.4 0.2174
9.4 0.06946 7.4 0.1223
8.4 0.0638
9.4 0.0289
Table 7 shows the DOS’s from the measured GOS’s and Table 8 shows the
computed DOS’s using the Universal Formula, at 400 and 500 eV. The data from
both tables are used in Fig. 8 to show the angular distribution of the DOS’s,
including their extrapolation to 0°. The lOS value of 1.0397 x at 400 eV
was obtained in calculation while at 500 eU, the value was 0.8174 x lO'^’^cm^. The
contribution from the unmeasured region (0° < ^ < 1.6° at 400 eV) is 36 %. At 500
eV the unmeasured region (0° < ^ < 1.0°) contributes 28° to the lOS value.
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Figure 8; DCS versus angle (ff) of in F2, at 400 and 500 eV
3.5. SO2: Electronic States
This molecule by far demonstrates difficidties in small angle measurements.
Vuskovic et. al. [22] have investigated several electronic transitions in SO2, C, D,
Ey jP, etc., the notation here is that of reference [7], as shown in Table 9.
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Table 8: Calculated DOS’s of state ia for the uumeasuied angular regions
at 400- and 500- eV



















Table 9: STimmary of Assingments and Notations
Feature (Region) Peak Position (eV) Energy-Loss Range (eV)
No. Assignment
4 C + D 6.3 5.5 - 7.1
5 E + F 8.8 7.1 - 9.6
6 G + I 10 9.6 - 10.3
7 H 11 10.3 - 11.3
For a better understanding of these assignments the energy-loss spectra of
Vuskovic et. al. is shown in Fig. 9.
Figure 9: Energy-Loss spectra in 80% under high-and low-momentum transfer conditions
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In the absence of experimental and/or theoretical values for OOS, the Uni¬
versal Formula can be used to determine the OOS: in the case of feature 4, by using
data corresponding to 0 = 4° in Eq. (2.8), a value of 0.055 "was obtained for the
OOS which compares very well with a value of 0.0543 obtained independently using
a least squares fit.
Fig. 10 shows the experimental GOS of Vuskovic et. al. at 20, 50 and 200
eV compared with the GOS of the Universal Formula. Clearly, the data at 50 eV is
inaccurate for 0 <8°, while that at 200 eV is inaccurate for 6 <Z°. The former is
too large while the latter is underestimated. It is therefore obvious that a straight
line extrapolation to 0 = 0° through the last three points, the technique used in
reference [22] would result in unreliable cross sections. The trend of the data at 20
eU is good but the deviation from the universal curve is indicative of the importance














^Vuskovic 50 eV •








0.001 0.01 0.1 1
(a.u)
Figrure 10: GOS versus of feature 4 in SO2 at 20, 10 and 200 eV.
Figs. 11, 12 and 13 show, respectively the experimental GOS for features
5, 6 and 7 at 200 eV contrasted with the GOS from the Universal Formula: the
last three measured forward angles in feature 5, like in feature 4 are underestimated
and hence required adjustments, while features 6 and 7 fitted the universal curve
relatively well. Fig. 14 shows the variations of the DOS’s with angles for all four
features at 200 eV.
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GOS
Figure 11: GOS versus of feature 5 in SO2
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GOS
Figure 12: GOS versus of feature 6 in SO2 at 200 eV
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Figure 13: GOS versus of feature 7 in SO2 at 200 eV
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Figiire 14: DCS versus angle (5) in degrees for feature 4, 5, 6 and 7 in SO2 at 200 eV
The computed ICS’s in two angular regions are summarized in Table 9 and
compared to other results.
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Table 10: Calculated ICS’s (in units of cm^) values for features 4, 5, 6 and 7
at 200 eV.
Feature This Calculation Other Results
0 < ^ < 2° 2° <9 <9* 0° < ^ < 0° < 5 < 180°
4 0.4699 0.5567 1.0266 0.65°
5 0.2766 0.5894 0.8659 0.65“
6 0.6189 1.3502 1.9692 1.8*
7 0.2036 0.5126 0.7163 0.63“
9* is 35°, 40°, 45° and 70° for features 4, 5, 6 and 7 respectively,
a: Reference [22]
The ICS’s for feature 4, 5, 6 and 7 at 200 eV are respectively 1.0266 x
10~^^cm^, 0.8659 x 10~^’^cm^, 1.9692 x 10~^’’cm^ and 0.7163 x 10“^’^cm^ compared
with 0.65 X 10“^^cm^, 0.65 x lO'^^cm^, 1.8 x 10~^^cm^ and 0.63 x 10“^’^cm* respec¬
tively of Vuskovic et. al. [22]. Clearly the discrepeincy in results is a pointer to
the underestimation of contribution from small angiilar range. The contributions
from 0° < ^ < 2° at 200 eV are found to constitute 46%, 32%, 31% and 28% of
total ICS’s for feature 4, 5, 6 eind 7 respectively. Unfortunately, no other theoretical
and/or experimental results aue available for further comparison.Note,however,that
the significant difference between columns 4 and 5 in Table 10 demonstrates that
the major contribution to the ICS’s comes from small angles since column 5 covers




Through systematic studies of several transitions in molecules at a wide range
of impact energies, from the simple CO and to polyatomic molecules such as
CO2 and SO21 the following uses of the universal function procedure have been
indentified:
(1) As an accurate theoretical gtude in extrapolating experimental data
through the experimentally inaccessible small angular range 0° < 0 < 2°. The
significant contribution to the ICS’s from this angular region, found from this study
underscores the need for accuracy. Furthermore, with accurate values of OOS, the
Universal Function approach can also serve as an independent check to both theory
and experiment.
(2) With accurate experimental measurements, the universal function can
be used in determining reasonable values for OOS. In this study, it was used in
obtaining the OOS’s for the electronic transitions in SO2.
(3) Dynamic effects can be studied in great detail as shown in the cases of CO
and F2. A revelation is that dynamic effects can be significant even at high impact
energy where First Born Approximation is expected to be applicable. For example,
in the fourth positive band oi CO at 300 and 500 eV dynamic effects persist even
at small scattering angles. For the optically allowed transition in CO2 at 1290 eU,
which is non-Born, dynamic effects are unimportant.
(4) The study of the transition in CO2 reveals that the real determinant
of the applicability of the Universal Function is K^l2u} rather than if* itself as
previously thought.
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The challenge now is for both experimental methods and molecular calcu¬
lations to come up with accurate and reliable OOS’s in order to fully exploit the




The details of the integration involved in the construction of the ICS formula
by Chen and Msezane[5]
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Let /(x) be a function in the interval [a, b]. If a cubic polynomial can be used
in each subinterval, one can obtain a function 5(x) which interpolates to /(x) at
the {x,} and is of class in the entire interval. F'{x) and f'{x) do not necessarily
agree at interpolation points. Need Ffe(x) € Ik such that
Ffe(xi) —/(x,), i — k l,k (5.2)
Also, for k = 1,2,...,iV — 1 there must be continuity of the first and second Fk
derivatives. To get Fk(x), one needs Mk where
Mk = F'Xxk-) = Fi:^,{xk+) (5.3)
Since Ffc(x) is a cubic polynomial, F^' is linear. That is,
Therefore,
where
Xk — Xk-1 Xk — Xk-1
Fk{x) = + Crx + Cj
O/lfc oft*
hk = Xk — Xk-i
(5.4)
(5.5)
Letting F* = /(x*), gives
Tfc-i — Mk-i-^ + GxXk-\ + C2
n = M*§ + C'iXfc + C72
hence
Cx




•ffc(®) = Affe-i '{xk - ®)[(ifc - xf - hi]6hk + Mk
1 . 1
( {x - afe-i)[(g - Xk-iY ~ ny6hk
+ T-ifc-i(®fc - x) + - Xfc-i)
tik hk
Differentiating and using the continuity of the first derivative gives
(5.8)
hk fife + hfc+i hk+i
—TTifc-i H Mk H——Mfc+i
0 O 0
= I-L
i ^fe+i {Yk+i-Yk)-—iYk-Yk.,)h-k }(8.9)
This system of iV — 1 linear algebraic equations is solvable since the determinant of



































Since hi = ^ and Mq = Ms = 0,
0 0
^
Ml ^ ' ¥2 - 2^1 + ro ^ ^ -9.1512 ^
14 10 M2 6 ^3 - 2Y2 + yi -4.0958
0 14 1 M3 ^4 - 2Y^ + Y2 0.1855
00 1 ^4 J ^ y5-2r4 + r3 ^ ^ 2.3673 j
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